We have isolated Msx3, the third member of the routine Msx homeobox gene family which is homologous to the rash gene of Drosophila. The Msx3 cDNA encodes a protein of 204 amino acids which has striking regions of homology in addition to the homeodomain when compared to the other Msx family members. Msx3 maps to the distal end of mouse chromosome 7, thus it is unlinked to either Msxt or Msx2. RNA in situ analysis of Msx3 gone expression during early development revealed that it is restricted to the dorsal portion of the neural tube with a rostral boundary in the mstral rhombencephaton. This sole expression domain for Msx3 overlaps with both ?vlsxl and Msx2 at early stages, but in older emb~os, Msx3 expression becomes restricted to the ventricular zone of the dorsal neural tube, whereas Msxl and Msx2 become localized to the non-neuronal roof plate region. The absence of detectable levels of Msx3 expression ootside this restricted dorsal region of the developing central nervous system (CNS) is in marked contrast to Msxl and Msx2, which have extensive expression domains in other embryonic tissues, particularly craniofacial structures and the limbs. By analogy with the expression of msh/Msx genes in other organisms, it is likely that one of the ancestral functions of the ms/'JMsx gone family is in patterning of the CNS.
Introduction
The msMMsx gene family is one of the most evolutionary highly conserved families of homeoboxcontaining genes (reviewed in Duboule, 1994; Davidson, t995) . Primitive organisms appear to have only one rash gone, whereas in mammals there are minimally three family members, referred to as Msxl, Msx2 and Msx3 (Msxl and Msx2 previously Hox7 and HoxS). The duplications of the mshZ~lsx family members appears to have occurred sometime around the origins of the vertebrate lineage, since amphioxus, a cephalochordate, and closest living relative to the vertebrates, has only one msh/Msx gone (Holland, 1991; Holland et al., 1994) . The recent analysis of the expression pattern and regulation of the * Corresponding author. Tel.: +1 212 2415359 (office); +1 212 2411864 (lab); fax: +1 212 8609279; e-mail: lufkin@msvax.mssm.edu.
I Weidong Wang and Xiaowei Chen should be considered equal first authors. msh gene from Drosophila indicates a role for msh in development of the fly nervous system (D'Alessio and Frasch, in press). In Drosophila, one of the earliest steps in nervous system development is the formation of proneural clusters, which are groupings of ectodermal cells that have the potential to give rise to neuroblasts. In contrast, the developmental potential of the ectodermai cells surrounding the proneural clusters is restricted to an epidermal fate, unless they become part of a proneural cluster in subsequent waves of neurogenesis. The genes which are expressed in the proneural clusters, and which provide the competence to adopt a neurogenic fate, are known as the proneural genes (reviewed in Jan and Jan, 1994; Simpson, 1995) . msh is expressed in the late blastoderm embryo in two laterally positioned iongitudinal columns of cells that are destined to form neuroectoderm. rash expression predicts the dorsal group of cells that wiIl express proneurat genes, and expression endures until proneural clusters formation. On the basis of the msh expression pattern in wildtype embryos, rash appears to act both as a prepattern gene and a proneural gene within the dorsal portion of the fly central nervous system (CNS) (D'Alessio and Frasch, in press ).
Here we describe the cloning of a novel member of the murine Msx -family, Msx3. The analysis of the expression pattern of Msx3 and comparison to the expression domains of the other ivlsx family members, as well as to rash of Drosop,~ila, suggests that a common roie of the MsJ rash family is in neural development.
Results

Cloning of the murine Msx3 gene from genomic and cDNA libraries
served flanking sequence (Fig. 2B ). Tt-~e degree of cotservation within the homeodomain and flanking sequence_ is unusually high for the murine Ms:; family, making one of the most conserved homeobox-containing gore families, when compared to other vertebrate familiars (Duboute, i994; Davidson, 1995) . in addition to cot:-served sequences su~ounding the hcmeodomain, Msx]-Msx3 have a conserved octapeptide sequence (LPFSVEA/ SL) located in the N-terminal portion of the protein (Figs. 1 and 2C) . Msx3 also shares an eight out of i i amino acic conserved sequence with Msx2 just prior to the translational stop codon (Figs. 1 and 2D) which is absent fro~ Msxl (Monaghan et al., 1991) .
A mouse 129/sv genomic library was screened at low stringency with a homeobox probe derived from the human Hmxl gene (previously caiIed H6) (Stadler et al., 1992 (Stadler et al., , 1995 . Three independent phages were isolated, which by DNA sequencing of the homeobox region were shown to contain the routine Msx3 gone (Figs. I and 2). Using a genomic probe lying 3' to the Msx3 homeobox, an Ell.5 mouse cDNA library was screened, and seven independent phages containing between 0.7 and 2.0 kb inserts were isolated. DNA sequencing of the cDNA inserts and alignment of overlapping cDNA clones predicts Msx3 to encode a protein of 204 amino acids (Fig. 1) . Following the Msx3 stop codon there is a relatively ~arge 1.5 kb of 3' untranslated flanking sequence. Comparison of cDNA and genomic DNA sequence identified a single intron located in the coding sequence corresponding to amino acid codon 72 of the Msx3 reading frame (Fig. 1) . The location of the intron 15 amino acids N-terminal to the homeodomain is not conserved relative to Msxl (Kuzuoka et al., 1994) ; however, it is conserved with respect to Msx2 (Bell et al., 1993) . Alignment of the genomic phage by restriction enzyme digestion and Southern blotting, indicated that 28 kb of genomic DNA surrounding the Msx3 gene had been isolated ( Fig. 2A) .
Amino acid comparison of the Drosophila and murine msh/Msx famiIy members
DNA sequence analysis of both the genomic and cDNA clones showed that we had isolated a third homologue (Msx3) of the murine Msx family. A 180 bp fragment of the murine Msx3 gone had been previously isolated by polymerase chain reaction (PCR) amplification of genomic DNA (Holland, 1991) ; however, this previous work provided no evidence that the PCR amplified fragment was even part of a functional gene. Alignment of the amino acids of the homeodomain and flanking sequence showed that Msx3 shared 98% identity with Msxl in the homeodomain (60 amino acids), and 97% identity if an additional 28 conserved flanking amino acids are included (Fig. 2B) . Msx3 shows slightly greater similarity to Msxl than to Msx2, in both the homeodomain and con-
Murine chromosomal mapping of Msx3
Using a 0.3 kb genomic fragment from the end of Msx3 phage 12 ( Fig. 2A) as a probe, we identified by Southern analysis a Hind111 restriction fragment length polymorphism (RFLP) between C57BL/6 and mus spretus genomic DNA. The probe detected a 1.5 and a 2.0 kb HindIII band in C57BL!6 and mus spretus genornic DNA, respectively. The 1.5 kb HindIII band was used to follow the segregation of the Msx3 allele in 94 N2 progeny of a (C57BL/6J x SPRET,rEi) F1 females x SPRET/Ei males backcross (Rowe et al., 1994) . Analysis of the backcross panel results placed Msx3 at the distal end of chromosome 7, about two map units proximal to the Ins2 locus (Fig. 3,  left) . This backcross panel (BSS2) has been previously mapped with 97 different markers on chromosome 7. The Msx3 locus is flanked on both sides by markers whose homologues in human map to the 11p15 region, suggesting that the human homologue of Msx3 may also map to this region (Fig. 3, left) . By comparison to a consensus linkage map of mouse chromosome 7, we were able to place Msx3 proximal to the imprinted genes HI9 and Igf2 (Fig. 3, right) , raising the possibility that Msx3 may also fail into an imprinted region of chromosome 7 (Zemel et at., I992) . The localization of Msx3 to chromosome 7 shows that it is unlinked to either Msxl or Msx2 which are located on chromosomes 5 and i3, respectively (see Davidson, 1995 for a review).
Northern blot analysis of Msx3 expression in embryos and adult tissues
To determine the size and temporal distribution of the Msx3 RNA transcript, we performed a Northern analysis on both embryonic and adult tissue RNAs. In E11.5 embryo poly(A)+ RNA two distinct transcripts of 2.2 and 2.3 kb were detected (Fig. 4) . No Msx3 transcript was detected in younger (E7.5) or older (E15.5, E17.5) embryos (Fig. 4) nor in any of the adult tissues examined (brain, heart, muscle, liver, pancreas, testis, lung, spleen; data not shown), in agreement with our RNA in situ observations (see below). 
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RNA in situ analysis of Msx3 expression during embryogenesis
Msx3 transcript distribution during embryonic deveiopment was analyzed by RNA in situ hybridization between stages E8,5 and E16.5. We used two different probes lying 3' to the homeobox in ",he untranslated region, and the results from both probes were identical. Expression of Msx3 was not clearly detectable until E9.0, where expression was limited to the dorsal-most portion of the neural tube (Fig. 5A,B) . At this stage, as well as all subsequent times in development, Msx3 expression was limited to the neuroepithelium of the developing CNS. No signal above background was detected in any other tissue layer or organ (Figs. 5 and 6). In E9.5-E10.5 embryos Msx3 expression was restricted to the dorsal -t/4 of the neural tube running from the rostra~, hindbrain to caudal tip of the embryo (Fig. 5A-J) . Hybridization signals were consistently stronger in more rostra1 sections, and decreased in a rostrocaudal gradient, in parallel with the general rostrocaudal gradient of neural tube maturation (Fig. 5C,D) . The signals from the caadal-most regions of the neural tube (caudai neuropore), while weaker relative to more rostral sections, were still above background levels ( Fig. 5C,D) . Within the dorsal portion of the neurat tube, Msx3 expression appeared to weaken, with increasing developmental age, in a narrow band of cells !ocated along the immediate dorsal midline (region of the presumptive roof pIate). ~nis difference in expression between presumptive cells of the roof ptate (and eventuaiiy the roof plate), and more laterally positioned cells of the neural tube, became more pronounced in more rostral (hence developmentally older) regions of the same embryo (Fig. 5C,D) and at iater embryonic stages (Fig. 6E,F) . In EI0.5 embryos Msx3 expression was similar to earlier stages, being restricted to the dorsal portion of the neural tube, extending from the rostral hindbrain to the caudal tip of the embryo. At this stage there was no obvious expression of Msx3 in any regions outside this restricted domain within the neural tube (Fig. 5E-J) . In Et2.5 embryos, Msx3 transcripts were detectable in the CNS with a rostra! border in the rostrat hindbrain (ports) and extending to the caudal-most portion of the devetoping spinal cord (Fig. 6A,B) . Interestingly, transverse sections through the spinal cords of E12.5 embryos showed Msx3 expression had become restricted to ?.e medial region (ventricular zone) of the dorsal neural tube. Msx3 expression was limited to a several cell diameter region extending laterally from the edge of the neural tube lumen (Fig 6C-H) . No significant expression was detectable in dorsal neural tube cei!s lying iateral to this region. In addition, Ms;c3 transcripts appeared to have decreased to background !evels in the region of the morphologicaily distinct roof plate (Fig. 6E,F) .
By Et4.5, expression of Msx3, while qua]itativeiy similar in distribution to earlier stages, had decreased in overa!l intensity (Fig. 6I,J) , and by E16.5 expression had receded to background ievels in the CNS and thus was no longer detectabie anywhere in the embryo. Tills was in agreement with our Northern blot analysis which failed to detect any Msx3 transcripts in EI5.5-E17.5 embryos or postnatal animals (described above, Fig. 4 ).
Comparison of Msxl, Msx2 and Ma~3 expression patterns during emb~ogenesis
Msx] and Msx2 are expressed in many tissues during embryonic development, particularly the craniofacial region, limbs, Mfillerian duct, and CNS (Hill etal., 1989; Robert et al., 1989; Takahashi and LeDouarin, t990; MacKenzie et ak, 1991; Monaghan etal., 1991; Suzuki et al., 1991; Lyons et al., 1992; Pavtova etal., 1994) ; however, there are a ,lumber of conflicting reports as to the precise timing and tissue distribution of these two transcripts. To examine the spatiotemporat reIationships between expression patterns of the three marine Msx family members, we performed in paratlel an analysis of Msxl, Msx2 and Msx3 expression on adjacent serial embryo sections (Figs. 7 and 8) . Comparison of Msxl, 2 and 3 at all stages of development confirmed that Msxl and Msx2 have significantly broader domains of expression relative to Msx3. At E9.0--10.5, Msx] and Msx2 are clearly expressed in the lateral mesenchyme of the branchial arches, ectoderm overlying the braim dorsal neural tube, and in mesenchyme !ateral to the neural tube at the level of the forelimb bud (Fig. 7A-H) . Msx3, in contrast, is restricted to the neuroepithelium of the dorsal neural tube (Fig.  7D,H) , at this and all subsequent stages. Within the dorsal neural tube, the ventral border of expression was more ventrally located for Msx3 relative to either Msxl or Msx2. Similarly, Msxl had a more ventra]ly extended boundary relative to Msx2, which at this stage is the most dorsally restricted Msx gene (compare Fig. 7A-H) . A qualitatively identical distribution of transcripts was seen for the three genes at El0.5 (Fig. 7I-L) .
At E12.5, MsxJ and Msx2 are strongly expressed in the craniofacial region, CNS, and limbs (Fig. 8A-L ). In contrast, Msx3 expression is limited entirely to the CNS (compare Fig. 8A-D and I-L) . Within the CNS, Msx3 expression is restricted to the ventricular zone of the dorsai spinal cord, whereas :'vlsx] and Msx2 are expressed in a complementary manner in the roof plate ( Fig. 8E-H ).
Discussion
]. Evolutionary-conserved ro!es for msh/Msx3 in arthr.ar)od and vertebrate neurogenesis ?
Results f;om~ studies in Drosophila, Xenopus and mouse suggest that there are many parailels between a'-thropod and vertebrate neurogenesis. In the fly, neurcgenesis can be divided into an orderly progression of genetic events which begins with the proneural genes. Tie proneural genes are cc.nsidered 'determination, gene~ because they direct ectodermal cells away from their epidermal (defau!t) pathway, and give ;:hem the potential c: competence to adopt a neurai fate (reviewed in Simpso: t995). In the fly, genes of the proneL~;rai ciass inciuc -~ those of the uchaete-scute (ac-sc) compiex (AS-C), ~ : is down regulated by this stage, but there is still detectable transcripts in the dorsal region of the raedulla and pans. Abbreviations: AQ, aqueduct of Sylvi~s; CP, parietal cortex; DRG, dorsal root ganglion, FP, floor plate; GE, ganglionic eraraence; LV, lateral ventricle; ME, medulla; PN, pans; RP, roof plate; SC, spinal cord; T, tectum; TO, tongue; VZ, ventr'.cuiar zone; iII, third ventricle; IV, fourth ventricle. and atonal. Both ac-sc and atonal are basic-HLH transcription factors, whereas vnd is a homeobox-containing gone. Vertebrate homologues of ac-sc have been identified, and the analysis of their expression, patterns and functional studies in animals suggests that the vertebrate homologues may play a role simiiar to their arthropod counterparts (Calof, i995) . The neurogenic genes are a second ciass of genes, which includes the receptor/iigand pair Notch and Delta, whose function is to segregate out individual ceils from the proneural clusters and maintain them on a neuronai pathway. Cells of the Pronearal cluster which are not segregated out by the action of neurogenic genes can adopt an epidermal fate; thus, Notch and Delta act to controI the ratio of neurai/epidermai precursors from each of the proneural dusters (Jan and jan, 1994; Campos-Ortega, 1995 their fly counte~arts (Bettenhausen oraL, i995; Chitnis et ai., 1995; Henrique et ai., 1995; reviewed in Calof, 1995) . Analysis of the Drosophila rash gone indicates that it may be a potential' regulator of AS-C genes and play a roie similar to vtzd (a proneural gene) but in a more dorsal region of the fiy neur0ectoderm (D'A1essio and Frasch, in press). In the vertebrate CNS, primary neurons arise in three longitudinai(COlUmns which are located in a ventral, lateral and dorsal" position along the dorsoventrai axis, and give rise primarily to motor, inter, and sensory neurons, respectively (McConne!t and Sechrist, t980; Altma~ and Bayer, 1984; Hartenstein, i993) . Within the nervot;~ system, the Msx genes are expressed in the dorsai neural tube until El0.5, whereupon they adopt complementary patterns, and Msx3 becomes restricted to the dorsal portion of the ventricuiar zone, while [V!s)i and:Ms:c2 become restricted to the roof piate. The ~roo5 plate is cornDosed of non-neuronal cells (primarii}/~'iia). In contrast, the ventricular zone is the principal ger~iinai center of the CNS, which produces cells giving rise to both neuronal and glial lineages (Altman and Bayer, 1984) . tt is unknown what precise signals establish the spatiotemporat arrangement of the three columns of vertebrate neurogenesis, but it is not unreasonable to speculate that Msx3 may function to provide neural competence for the most dorsally positioned column. Msx3 is restricted to the dorsal portion of the neural robe in early embryos, prior to the onset of dorsal (sensory) neuronal differentiation, and eventua!iy the dorsal ventrictdar zone, at a time when neuronai cells of the dorsal spinal cord are being born (Nornes and Carry, 1978; Sims and Vaughn, 1979; McConnelt, 198t) . At this time, the neurogenically active neuroepitheiial region is limited to the dorsal waiI of the spinal ca,To!, which overlaps precisely with the domain of Max3 expression (Altman and Bayer, 1984) . Cells t~'om the ventricular zone migrate away from the neural lumen, subsequently undergo ceil cycle a~est, and differentiate into their appropriate cell type. This process is likely controlled in part, by the vertebrate Notch,'Delta signaling pathway (Chitnis et al., !995) . Conceptually the ventricuIar zone is very similar in a celi lineage sense to the proneural clusters in Drosophila. Namety, cells within the ventricuiar zone,'proneural cluster have the potential to give rise to numerous ceil types, including neurons, and it is not until ceils leave the ventricular zone/proneural cluster, that they become 'restricted' to a particular developmental fate. interestingly, the time at which Msxl and Msx2 diverge in their expression pattern from Msx3 in the dorsal neural tube, corresponds to the point at which neuronal production shifts primarily from the ventral to the dorsal neural tube (Nornes and Carry, 1978) . Therefore, only Msx3, and not Msxl or Msx2, is expressed in the dorsal ventricular zone immediately preceding the ventrodorsal shift in neurogenesis.
The Msx genes are not the only homeobox-containing genes which show a dorsal restriction of expression in the developing neural tube. The Pax gene family, which has at least nine members in vertebrates (reviewed in Mansouri et al., 1994) , has two members, Pax3 and Pax7, which show restricted expression in the dorsal neural tube during the same period as Msxl-Msx3 (Jostes et al., 1990; Goulding et al., t991, 1993, I994) . Within the developing spinal cord, both Pax3 arid Pax7 are expressed in a manner similar to Msx3, namely, early in development, all three genes are expressed in the dorsal-most 1/2-t/4 of the recently closed neural tube. With time, the expression of all three genes becomes restricted to the dorsal ventricular zone of the developing spinal cord; however, the ventral boundary of Pax3 expression extends to the ventral side of the sulcus 1italians (Goutding et ai., 199I), hence significantly ventral to the expression iimit of Msx3. In contrast, the ventral expression limit of Pax7 appears to more closely coincide with Msx3 (Jostes et al., 1990) . The onset of Pax3 and Pax7 expression appears to be slightly earlier than Msx3, raising the possibility that these two genes couId be potential upstream regulators of Msx3.
Msx genes and evolution of the vertebrate head
The analysis of the expression patterns of Msxl and Msx2 show them to be expressed in many vertebratespecific regions, such as the cranial neural crest, cranial sensory placodes, cranial sutures, ~imb, eye, bone, and teeth (reviewed in Davidson and Hill, 1991; Davidson, 1995) . In strong support of a rote ;'c,r these genes in development of these tissues, mice lacking the Msx] gone exhibit cleft palate and failed tooth development, as weli as bone defects in the skui1, middle ear, jaw, and nasa region (Satokata and Maas, 1994) . interestingly, the ?~,~.w ~ null mice showed no defects in the central nervous system, which is a region where at1 three Msx genes are widely expressed in early embryos. This may be due in part to a common (redundant) roie for the Msx genes in ea-ly CNS development, or possibly (although unlikely) to 'superfluous' expression (Erickson, i993) of Msxl ic this tissue at early stages.
"i-he duplications of the msbJlVtsx family members appears to have occurred sometime around the origins of the vertebrate lineage, since amphioxus, a cephalochordate, and closest living relative to the vertebrates, has only one msbJMs~v gone (Holland, 1991; Holland et aL, 1994) . There has been considerable speculation on the evolu-~,ionary mechanisms involved in the origin of the vertebrates, in paaicular the gnathostomes or jawed vertebrates. One generally accepted evolutionary theory contends that gene duplication, fotlowed by the recruitment of new gene family members into novel rotes, may be a driving force in the evolution of increasing deveiopmentai diversity resulting in new species or subphyta (Ohta, !988, 1989) . The recruitment into a new role (co-option) might occur through the acquisition of a novel expression domain Or an alteration in protein sequence and function (Chothia, 1994) . Recent evidence suggests that substantial genome enlargement occurred prior to the origin of the vertebrates, yet after the divergence of the amphioxus line. Based upon the analysis of several evolutionary conserved gene families, it appears that genome enlargement (which creates a permissive environment for the acquisition of new developmental functions) may have occurred in at least two major stages, with the later stage immediaeeiy preceding the divergence of the gnathostome (jawed veaebrate) lineage (Holland et al., 1994) .
Taken together with the results from Drosophila, the current data suggests that an ancestral ms,h/Msx gone (most likely Msx3) may have had a role in directing proneural development within the dorsal neurogenic column of the CNS. Following duplication of the ancestral ms]'~; Msx gene, the newly generated member (possibly either Msxl or Msx2) likely acquired additional regulatory elements which directed its expression in new embryonic regions, which we now recognize as tissues giving rise to structures which are principaily characteristic of vertebrates. Subsequently, this novel gone probably underwent duplication (aiong with its vertebrate-specific regulatory regions) to yield two genes (Msxl and Msx2) that have nearly identical expression patterns, and have a primary seiective role in directing the development of characteristically vertebrate structures.
Materials and methods
Isolation ~f murine genomic and cDNA clones
Three overlapping Msx3-comaining genomic phages were isolated during a redaced stringency screen of ~500 000 p]aques from a mouse 129/Sv genomic library constructed in lambda Dash11 using a ?2P-labeled 0.18 kb genomic PCR fragment corresponding to the homeobox region of the human Hmxl gene (Stadler et al.. 1992) . Alignment of the genomic phage by restr:,ction enzyme digestion and Southern blotting indicated that -28 kb of genomic DNA surrounding the Msx3 homeobox had been isoiated. A 0.6 kb Psd-Sali genomic fragment located j~st 3' to the Msx3 homeobox was used to screen ~200 000 plaques from an E11.5 murine cDNA library constructed in lambda GTi0 (kindly provided by Pierre Chambon) as well as -400 000 plaqaes from an Ell.5 cDNA library constructed in lambda GTi I (Clontech). Seven independent phages containing portions of the Msx3 cDNA were isolated. The reduced stringency screen was performed at 35°C (normal stringency is performed at 42°C). To determine the nucleotide sequence of the phage inserts, both a 0.6 kb Pstl-Spet genomic fragment containing the Msx3 homeobox and the various EcoRt fragments corresponding to the cDNA inserts were sttbcloned into pBSKS+ and both strands were sequenced using the chain termination method and Sequenase enzyme according to the supplier (US Biochemical).
Nor#wrn blot analysis
RNAs were extracted from embryos or adult tissues at different stages of development according to the method of Chomczynski and Sacchi (1987) . Poly (A)+ RNA was isolated from total RNA using otigo-dT cet!ulose as described by the manufacturer (Gibco/BRL). Poiy (A)+ RNA (5/~g) was fractionated in 1.2% agarose-formaldehyde gels and transferred to Hybond-N membranes and hybridized essentially as described (Foulkes et al., 1992) . Blots were washed in 2x SSC, 0.5% SDS at 55°C for 30 rain with four changes, and exposed to Kodak BMR-1 film for 2-i0 days with an intensifying screem
Chromosomal localization
Ninety-four DNAs from N 2 animals of a (C57BL/6J x SPRET/Ei) F1 females x SPRETTEi males backcross (obtained from the Jackson Laboratory Backcross DNA Pane! Map Service, Bar Harbor, ME) (Rowe et ah, t994) were digested with HindtH enzyme and run on a 1% agarose get, stained with ethidium bromide, denatured in 0.5N NaOH and downward blotted to Hybond-N+ (Amersham) according to the specifications of the manufacturer. The blots were probed with a 0.3k b HindlilNot1 genomic fragment isolated from the above described Msx3 phage 12. This probe detected a 2.0 kb specific SPRET/Ei band and a 1.5 kb specific C57BL/6J band. Results of the analysis have been submitted to the Jackson Laboratory Backcross DNA Panel Map Service which can be viewed over the World Wide Web C÷&vW) at URLs (http://www.jax.org) or (http://www.jax.org/resources/ documents/cmdata/). The consensus map was based on the i994 ChromosomeCommittee Reports obtained using the Encyclopedia of the Moase Genome Release 3, version 1.0Ai3 (ftp:/Iftp.infomuatics.jax.org/pub/informaticsl encyclo/data/3.0!committee.reports/) obtained from the Jackson Laborazory, Bar Harbor, ME.
RNA in situ hybridization
Embryos were collected between E7.5 and E16.5 from (C57BL/6J x C57BL/6J) matings. The afternoon of the plug date was assigned a gestational age of E0.5. In situ hybridization was performed essential!y as described (Wiikinson, [992) . Embryos were fixed in 4% paraformaldehyde overnight, washed in PBS, and dehydrated through graded ethanols, followed by two changes of Americlear (Fisher) and embedded in Paraplast (Fisher) overnight under vacuum. Sections of 6-8/~m were cut and floated onto Plus+ slides (Fisher), dried, and stored at 4°C. 35S probes were synthesized using T3, 77., and SP6 polymerase according to the manufacturers specifications (New England Bioiabs, Stratagene). Sense and antisense Msx3-specific probes were transcribed from p]106, a 0.6 kb PstI-SatI~fragment iying 3' to the Msx3 homeobox cloned into pBSKS+. The Msxl in situ probe was derived from a 1.0 kb fragment spanning the Msxl cDNA which has the homeobox and conserved flanking regions deleted (Xue Li and T. Lufkin, unpunished) . The Msx2 in situ probe was transcribed from the Msx2 cDNA cloned into pBSKS-,-and tinearized with SauI, which produces a 237 nucleotide transcript corresponding to the 3'-most portion of the cDNA insert (Wang and Sassoon, 1995) . Following hybridization and washing, the sections were air dried and exposed overnight to fi!m to determine signal strength. Autoradiography was performed by dipping the slides in a 1:3 ration of H20/Kodak NBT2 emulsion, air drying and exposing for 3-7 days. This was followed by developing in Kodak D19 and H&E coanter staining.
Note added in proof:
The Genbank accession number for the DNA sequence described here is U62523.
